OBJECTIVE: To investigate the impact of a high-sucrose diet vs a high-starch and a high-fat diet on 14 d ad libitum energy intake, body weight, energy expenditure and sympathoadrenal activity. MEASURMENTS: Food intake; body weight and composition (bioelectrical impedance); 24 h energy expenditure, substrate oxidation rates, spontaneous physical activity, heart rate and appetite sensations in a respiration chamber (VAS scores); plasma catecholamine concentration and blood pressure. SUBJECTS: Twenty normal-weight, healthy women, 9 post-obese (body mass index (BMI): 22.9 AE 0.7 kg/m 2 ) and 11 closely matched controls (BMI: 22.6 AE 0.4 kg/m 2 ). RESULTS: Average 14 d ad libitum energy intake was 13% and 12% lower on the starch diet compared with the sucrose and fat diets, respectively (P`0.05). In both post-obese and normal-weight subjects, body weight and fat mass decreased signi®cantly on the starch diet (by 0.7 AE 0.2 kg and 0.4 AE 0.1 kg, respectively, P`0.05). No changes were observed on the fat or sucrose diets. After 14 d on the sucrose diet, 24 h energy expenditure as well as postprandial plasma adrenaline and noradrenaline concentrations, were signi®cantly increased compared with the other two diets. Overall satiety and palatability ratings were also highest on the sucrose diet. CONCLUSION: Intake of a 14-d ad libitum high-starch diet decreased energy intake and body weight compared with a high-fat or high-sucrose diet. The increased energy expenditure observed on the sucrose-rich diet can probably be explained both by the increased intake of energy and fructose (mainly from sucrose) on this diet.
Introduction
The prevalence of obesity is high and still increasing in the Western world. 1, 2 Two major reasons are the decrease in the level of physical activity as well as a dietary consumption pattern favouring a too high fat intake. 2, 3 The latter trend is in striking contrast to the dietary recommendations which suggest that fat intake is kept below 30% of total energy (E%) and carbohydrate intake between 55 E% and 60 E%. 4 Furthermore, it is recommended to keep sucrose intake below 10 E%. 4 In practice, however, this advice may be dif®cult to combine with the recommendations of a low fat intake. Thus a certain level of sweetness of the diet may be necessary to achieve the recommended carbohydrate-rich diet. 5 Data from several food surveys have shown a negative relation between daily fat intake (E%) and sucrose intake (E%). 6±8 Furthermore, cross-sectional and epidemiological studies (excluding the studies with obvious underreporting of energy intake) have shown a negative association between sucrose intake and obesity. 9, 10 A high sucrose intake seems therefore to be associated with a low dietary fat intake and a low prevalence of obesity and vice versa.
The above types of studies suffer, however, from their observational nature and the shortcomings of dietary records, with the ensuing risk of macronutrient-speci®c underreporting. Although actively debated, the role of sucrose in the development of obesity is therefore still not clari®ed. 11±13 The purpose of the present study was to investigate the ad libitum energy intake, changes in body weight, 24 h energy expenditure and sympathoadrenal activity when replacing dietary fat with sucrose or starch during a 14 d period. Normal-weight subjects with or without a history of obesity were included in the study.
Methods

Subjects
Twenty healthy, normal-weight women, 9 post-obese (PO) and 11 controls (C), closely matched for age, weight, height, fat mass, and fat-free mass participated in the study ( Table 1 ). The PO women had a family history of obesity (at least one obese parent or sibling), had been more than 10% overweight (average AE s.e.m; 44 AE 10%) and had been weight-stable for at least 2 months. None had undergone surgical operations to become normal-weight. As assessed by 7 d weighed food records (performed 1±4 weeks before the ®rst test diet), habitual energy and fat intake was lower and carbohydrate intake higher in PO than in C (P`0.05) ( Table 1 ). The study was approved by the Municipal Ethical Committee of Copenhagen and Frederiksberg to be in accordance with the Helsinki-II declaration. All subjects gave written consent after the experimental procedure had been explained to them.
Experimental design
Each subject completed the three 14 d dietary periods, a sucrose-rich (sucrose), a starch-rich (starch) and a fatrich (fat). The order of the periods differed, but subjects in the PO and C groups were`paired' (except for two controls) so that the diet order was similar in the two groups (see appendix 1). Each subject was measured at the same time in her menstrual cycle. Before each experimental period, subjects were given a standardized, weight-maintenance diet for 3 d. The third day was spent in a respiration chamber (day 0). Subjects were not allowed to engage in strenuous physical activity on the day before the respiration chamber stay. After the standard diet, the experimental diets were supplied in ad libitum amounts (see below) to be consumed at home for 14 d. On day 14, the subjects spent another day in the respiration chamber. In the morning on day 15, blood samples were taken in the fasted state and postprandially after breakfast and lunch. Body weight and composition were measured before and after each stay in the respiration chamber (days 1 and 15). At least 2 weeks and no more than 6 weeks separated the dietary periods. The subjects were instructed not to change their physical activity pattern during or between the three experimental diets. Furthermore, they were told not to weigh themselves during the experimental period. Data on blood concentrations of glucose, lipids and different hormones will be published separately.
Diets
The planned macronutrient composition of the sucrose and starch diet was similar with 59 energy-percent (E%) carbohydrate, 28 E% fat, and 13 E% protein, while the fat diet contributed 45±50 E% fat, 37±42 E% carbohydrate and 13 E% protein. Sucrose contributed 23 E% on the sucrose diet and 2 E% on the starch and fat diets. (Energy contribution from carbohydrate is expressed as metabolizable monosaccharide equivalents, with 17 kJ/g. Energy contribution from fat and protein was set at 38 kJ/g and 17 kJ/g, respectively). Dietary ®ber amounted to 2.0 g/MJ on the sucrose and fat diet and 3.6 g/MJ on the starch diet. The ratio between polyunsaturated and saturated fatty acids (P/S-ratio) was 0.4 on the fat diet and 0.7 on both the sucrose and starch diets.
The diets were ad libitum up to a ceiling of 15 MJ/d for the ®rst ®ve subjects and 18 MJ/d for the last 15 subjects. The change was made after one of the ®rst C subjects had been able to consume all of the 15 MJ/d version (starch diet). Thereafter no subject consumed all the foods delivered (18 MJ/d), but one more C and ®ve PO consumed more than 15 MJ/d (on average 15.6 MJ/d). The C subject was on the sucrose diet, while the PO's were on the fat and/or sucrose diet. The subjects also received two extra sandwiches of 0.5 MJ/d at the beginning of each dietary period, and each day a piece of fresh fruit to be eaten if desired. The subjects collected the food at the department twice a week. At the same time, they returned all left-overs (including packing) for weighing and recording by the dietician. The subjects were told to eat as much as they liked until they were pleasantly satis®ed.
A 4 d rotating menu was given for each diet. Breakfast, lunch, dinner and snacks contributed 25%, 30%, 35% and 10%, respectively, of the daily energy load. Each meal had the same energy composition as the whole diet. The three diets contained similar food items and dishes, whenever possible (seè menu 1' in appendix 2). This was done both to hide the different energy compositions from the subjects and to eliminate differences in energy intake due to the different palatability of the diets. During the planning of the diets, great care was taken to make all the meals as palatable as possible, taking into consideration that a major part of the meals would be frozen, thawed and often heated before consumption. When preparing the different foods and dishes (for example, sandwiches, warm dishes, pasta or rice salads), an even distribution of all the ingredients within the dish was aimed at. Most of the meals consisted of 2±3 different items (for example, dinner on the sucrose diet pizza sweet drink). In order to achieve the correct energy composition in each meal and over the day, the subjects were very carefully instructed in how to consume the prepacked foods (for example, if half the pizza was eaten, half of the drink should be drunk). After the dietary periods, the actual amount consumed by each subject was recorded and the energy content and composition subsequently calculated by a dietician. A multiple-choice questionnaire was given to the subjects after the dietary periods to investigate whether they had identi®ed the macronutrient composition of the three diets.
The standard diet contributed 13 E% protein, 37 E% fat, 50 E% carbohydrate (9 E% sucrose), 2.9 g/MJ dietary ®ber and had a P/S-ratio of 0.40. The diet was prepared according to each subjects' individual energy needs (adjusted to the nearest 0.5 MJ) determined from WHO-tables according to age, weight, height, and gender.
14 To allow for a slightly higher level of physical activity outside the respiration chambers a surplus of 0.5 MJ/d was given during the ®rst two days of the standard diet. The subjects were instructed to adhere strictly to the diet. In case they could not consume all foods, they had to bring the left-overs to the department for weighing and recording. The same amount was deducted during the following two dietary periods. The computer database of foods from the National Food Agency of Denmark (Dankost 2.0) was used in the calculations of energy and nutrient intake of the diets. 15 
Anthropometric measurements
Body weight was measured (blinded for the subjects) in the morning of days 1 and 15 after 10 h fasting and after voiding. The same digital scale was used each time (Seca model 707, Copenhagen, Denmark). Body composition was subsequently estimated by electrical bioimpedance using an Animeter (HTS-Engineering Inc, Odense, Denmark). Fat mass (FM) and fat-free mass (FFM) were calculated using the equations by Heitmann. 16 Blood pressure was measured using an automatically in¯ating cuff (UA-743, A & D Company Ltd, Tokyo, Japan).
Respiration chamber
Two open-circuit respiration chambers were used to measure 24 h energy expenditure (EE) and substrate oxidation rates. The chambers have been described in detail elsewhere. 17, 18 Protein oxidation was calculated from 24 h urinary nitrogen excretion. Energy expenditure and oxidation of lipid and carbohydrate were calculated using the equations of Brouwer. 19 Heart rates and electrocardiograms were continuously monitored by a telemetry system (Dialogue 2000, Danica Electronics, Denmark). Heart rate, blood pressure and catecholamines were measured to estimate sympathetic nervous activity. Spontaneous physical activity (SPA) was assessed by two microwave radars (Zettler GHz-Doppler Mime 15, Munich, Germany). Subjects were kept under surveillance by a laboratory technician in the daytime and by trained medical students during the night time.
A ®xed protocol for the chamber measurements was followed for all subjects. The subjects arrived at the department at 22.00 h on the evening before the measurements. The next morning they were awakened at 07.45 h, they measured (rectally) their body temperatures, they voided and anthropometric measurements were subsequently performed. The 24 h measurement started at 09.00 h and ®nished the next morning at 09.00 h. Basal metabolic rate (BMR) was measured on the second day from 08.00±09.00 h. Diet-induced thermogenesis (DIT) was measured on the ®rst day from 06.00±22.00 h, where the subjects were sedentary:
DIT (kJ) EE from 06.00 22.00 h (kJ/4 h) ÀfwktahBR h DIT (%) DIT (kJ) Energy consumed at dinner (kJ) Â 100
Three meals were given during the stay, breakfast at 09.00 h, lunch snack at 13.00 h and dinner at 18.00 h. The meals were eaten within one hour. The amount of food in the meals was ®xed on day 0, but ad libitum on day 14. The menu given on day 13 (the day before the chamber stay) and day 14 (in the chamber) was always menu`day 1'. Two bicycle bouts of 75 watt and 15 min duration were performed at 11.00 h and 16.00 h and two periods of walking (forward and back in the chamber 25 times) at 9.30 h and 14.30 h. Otherwise the subjects could read, write, phone, watch television or listen to the radio. Consumption of water, tea, coffee and smoking (only`light'cigarettes) during the day was allowed, but the total amount drunk and smoked during the ®rst stay was noted and repeated during the ensuing ®ve respiration chamber stays. Three PO and one C subject smoked on average 10. 20 Overall palatability, taste, aftertaste, smell, and visual appeal of the 3 test meals were also recorded by the subjects (n 8 PO, n 10 C). 20 
Blood sampling
On day 15 the subjects left the respiration chamber at 09.00 h. After voiding and weighing, the subjects lay on a bed in the supine position and a Ven¯on catheter (Viggo, Gothenborg, Sweden) was inserted into an antecubital vein in the arm. After 10 min rest, a fasting blood sample was taken. Breakfast was eaten at 10.00 h and lunch at 14.00 h. Blood samples were taken after 15, 30, 60, 120 and 240 min from initiation of breakfast and lunch. The subjects rested in the supine position for 10 min before each blood sample. During the day the subjects could sit, walk quietly or go to the toilet. The amount of food given for breakfast and lunch was similar to the amounts consumed on day 14 in the chamber. Coffee, tea and water consumption as well as smoking (two PO and one C) were allowed, but the amount and time were copied from the ®rst respiration chamber stay. The type of activity during the day was noted. Smoking has been found to increase sympathetic nervous activity and catecholamine concentrations. 21 However, since the number, type and timing of cigarettes smoked was identical on the three blood sampling days, the effect was assumed to be the same on the three occasions.
Blood sampling was not possible for one PO subject. In order to keep the groups matched, one control subject was therefore removed from the analyses of blood parameters. One PO subject developed a fever in the evening on day 14 of the sucrose diet. Blood sampling was therefore postponed by a few days on the ad libitum diet until the fever had disappeared (day 17).
Laboratory analyses
Blood was sampled without stasis through the indwelling catheter. Blood for determination of plasma catecholamines was collected in iced tubes containing ethylene glycol-bis(b-aminoethyl ether)-N,N,N H ,N Htetraacetic acid (EGTA) and glutathione. Within 30 min, samples were centrifuged for 10 min at 3000 g and 4 C and the plasma stored at 780 C until determination by an electrochemical detection method. 22 Urinary nitrogen concentration was measured using a nitrogen analyzer (NA 1500, Carlo Erba Strumentazione, Milan, Italy). The energy content of 10 MJ versions of each diet was analyzed from duplicate collections of one day (standard diet) or 7 d menus (experimental diets). The diets were mixed, homogenized, freeze-dried and ground before determination by adiabatic bomb calorimetry (IKA, Janke & Kunkel GmbH, Staufen, Germany).
Statistical analyses
All results are given as means AE s.e.m. Initial group differences were tested by a t-test (Table 1 ). Other differences between the three diets and two groups were tested by parametric analysis of variance (ANOVA) (`split-plot' design) using the GLM procedure in SAS (SAS Institute, Cary, NC, USA). Factors were group, diet and group*diet, using subject (group) as error term for group effects. In case of signi®cance a t-test on least squares means (for unbalanced designs) was used to test for differences between groups or diets. Differences in postprandial catecholamine responses were tested by an analysis of variance (ANOVA) with time, diet, group, diet*group, time*group, diet*time, and diet* time*group as factors and subject (group) as error term for group effects. The areas under the curves (d-AUC) were calculated separately for each subject as the difference between the integrated area of the response curve and the rectangular area determined by the basal values. Negative areas were included. Where data adjustment was performed, this was done between groups on each of the three diets separately, as described by Ravussin and Bogardus. 23 For 24 h energy expenditure adjustments for differences in fat-free mass were thus performed using the equation: EE adj EE act a (FFM mean 7 FFM act ), where EE act is the measured unadjusted EE, FFM mean the total group mean (n 20), FFM act the actual FFM, a the slope and b the intercept derived from linear regression analysis between FFM and EE in both groups (on each diet): EE b a 6 FFM. Simple linear regression analyses were performed within each diet (n 20). The signi®cance level was set at P`0.05. Statgraphics Software version 4.2 (Graphic Software Systems, Inc, Rockville, MD, USA) and the Statistical Analysis Package were used in the statistical calculations.
Results
Ad libitum energy and macronutrient intake
Average 14 d energy intake (EI) for all subjects was lowest on the starch diet (9.1 AE 0.4 MJ/d) compared with both the sucrose (10.3 AE 0.4 MJ/d) and fat diet (10.2 AE 0.4 MJ/d) (P`0.05) (Figure 1 ). Compared with data from 7 d food records, PO consumed more on the fat (P`0.05) and sucrose diets (P`0.001), but the same on the starch diet. Conversely, C consumed less on the starch diet (P`0.05), but the same on the fat and sucrose diets compared with 7 d food records.
The macronutrient composition of the ingested food (delivered minus left-overs) on the three diets was very similar to the planned macronutrient composition. Thus on the fat, starch and sucrose diet the intake Table 2 ). The weight of foods consumed was signi®cantly higher on the sucrose diet (1512 AE 60 g/d) compared with the starch diet (1411 AE 55 g/d) (P`0.05) and lowest on the fat diet (1228 AE 51 g/d) (P`0.05 vs sucrose or starch) ( Table 2) . Compared with the C group the PO subjects consumed signi®cantly more energy on the sucrose and fat diets (Figure 1) . Compared with the controls, the PO subjects consumed signi®cantly more (in grams) carbohydrate and sucrose on the sucrose diet (Table 2) . No other signi®cant group differences were observed.
The pattern of ad libitum 24 h energy and macronutrient intake during the respiration chamber stay (day 14) showed similar differences as during the previous 13 d period (Table 3) . However, the C group consumed approximately 1 MJ/d more on the sucrose diet (P`0.05), and approximately 0.5 MJ/d less on the fat and starch diets (0.05`P`0.1). PO only consumed less on the starch diet (approximately 1.2 MJ/d, P 0.07) when in the chamber (Table 2 and 3).
The questionnaire given to the subjects after the dietary periods revealed that a majority of the subjects were able to tell whether the diets had a low, medium or high content of fat, carbohydrate, protein, dietary ®bre, sucrose or arti®cial sweetener. Interestingly, however, several subjects (especially in the PO group) thought that the sucrose diet was also rich in fat.
Food analyses of the fat, starch, sucrose and standard diet showed a 4.3%, 2.3%, 0.8% and 2.7% higher energy content, respectively, compared with the calculated energy content. These values were considered within the range of uncertainty in recording of food consumption. The calculated values were therefore not corrected. Figure 1 Mean ( AE s.e.m.) 14 d ad libitum energy intake in postobese (PO, n 9) and matched controls (C, n 11) on a fat-rich, a starch-rich and a sucrose-rich diet. Signi®cant by ANOVA, P`0.05: Diet 6 group interaction and diet effect. Different letter: Signi®cant difference between diets, P`0.05. *: Differences between PO and C, P`0.05. 
Body weight and composition
There were no signi®cant differences between the 2 groups in changes of body weight or composition ( Figure 2 ). Compared to a change of 0.0 kg, total body weight decreased on the starch diet by 0.7 AE 0.2 kg (P`0.05), but was unchanged on the fat (70.3 AE 0.3 kg) and sucrose diet (0.2 AE 0.2 kg). The changes were signi®cantly different between the starch and sucrose diets (P`0.05) (Figure 2 ). Fat-free mass did not change signi®cantly on the starch and fat diet, but tended to increase on the sucrose diet (0.3 AE 0.1 kg) (P 0.08). Again the difference between the starch and sucrose diet was signi®cant (P`0.05) (Figure 2 ). Fat mass decreased on the starch diet (70.4 AE 0.1 kg) (P`0.05), but was unchanged on the sucrose and fat diet (Figure 2 ). There were no differences in fat mass changes between the three diets.
Energy expenditure (EE)
Before the three experimental diets 24 h EE adjusted for group differences in FFM (day 0) was similar between groups and diets (average PO: 8271 kJ/d, C: 8192 kJ/d). After the intervention periods, however, 24 h EE adjusted for differences between groups in FFM and EI was 3% and 4.5% higher on the sucrose diet (8453 AE 128 kJ/d) compared with the fat diet (8207 AE 99 kJ/d) and starch diet (8082 AE 121 kJ/d) (P`0.05), respectively ( Figure 3 ). This was mainly due to an increase in the PO group (8625 AE 112 kJ/d) compared with the C group (8311 AE 162 kJ/d) ( Figure  3 ). The diet differences persisted after removing the PO subject who developed a fever on the sucrose diet from the analysis (8600 AE 123 kJ/d, n 8). Basal metabolic rate adjusted for differences in FFM between groups was not signi®cantly different between groups or diets (Table 3) . Diet-induced thermogenesis (6±10 pm) expressed in percent of EI at dinner was also not signi®cantly different between diets or groups (Table 3) . However, when comparing 24 h EE with EI over the whole day, some differences appeared. Using 24 h EE on the starch diet as baseline, we observed an increase in 24 h EE of 4.6% on the sucrose diet and of 1.5% on the fat diet (P`0.05), . DIT: Diet-induced thermogenesis (6±10 pm). NP-RQ: non-protein respiratory quotient. PO: Post-obese (n 9). C: Controls (n 11). d 6 g diet 6 group interaction. 1 Adjusted for differences between groups in fat-free mass. Ad libitum sucrose intake A Raben et al thus a three-fold difference between the two diets. Expressed in relation to the increase in EI on the diets (starch diet still used as baseline) the increase in 24 h EE amounted to 14.0% (PO: 18.1% and C: 9.0%) on the sucrose diet, but to only 7.6% (PO: 5.4% and C: 8.5%) on the fat diet.
On the starch diet 24 h energy balance was close to 0 kJ/d (120 AE 348 kJ/d), while it was positive on both the fat (1642 AE 377 kJ/d) and sucrose diets (2405 AE 421 kJ/d) (P`0.05 between all three diets) ( Table 3 ). Simple regression analyses between 24 h EE and EI on day 14 showed a signi®cant correlation only on the sucrose diet (r 0.69, P 0.0008). The regression line (y b a*x) was 24 h EE (kJ/d) 6484 (kJ/d) 0.18 * 24 h EI (kJ/d). On the two other diets, the correlation was not signi®cant (fat: r 0.38, P 0.09, starch: r 0.37, P 0.11). When analyzing the groups separately, a signi®cant correlation was also observed for C on the starch diet (r 0.64, P 0.03).
Macronutrient oxidation rates
On the standard diet, before the experimental diets, 24 h non-protein respiratory quotient (NP-RQ) was similar between groups and diets (average NP-RQ 0.843). After the three ad libitum diets NP-RQ was highest on the sucrose diet (0.913 AE 0.021) compared with the starch diet (0.868 AE 0.016) and lowest on the fat diet (0.842 AE 0.015) (P`0.05). There were no differences in NP-RQ between the two groups, even after adjusting for differences in 14 d body weight changes and energy balance (Table 3) . Carbohydrate oxidation was highest on the sucrose diet and lowest on the fat diet compared with the starch diet (P`0.05) ( Table 3) . Conversely, fat oxidation was highest on the fat diet and lowest on the sucrose diet compared with the starch diet (P`0.05) ( Table 3) . There were no differences in carbohydrate or fat oxidation between the two groups. Protein oxidation however, was signi®cantly increased in PO compared with C on the fat and sucrose diet (P`0.05) ( Table  3) . A negative fat balance was observed on the starch diet compared with sucrose and fat diets (P`0.05), while carbohydrate and protein balances were more positive on the sucrose diet compared with the other two diets (P`0.05) ( Table 3 ). These differences persisted after adjusting for differences between groups in 24 h energy balance (Figure 4) . 
Plasma noradrenaline (NA) and adrenaline (A)
On day 15, fasting and total postprandial NA were higher on the sucrose diet compared with the fat and starch diet (P`0.05) ( Figure 5) . A higher concentration was observed for PO compared with C both on the sucrose and fat diets (P`0.05) ( Figure 5 ). The area under the curve after subtracting fasting values (d-AUC) was 2±3 times larger on the sucrose diet compared with the fat and starch diets (P`0.05). There were no signi®cant differences between groups in d-AUC's ( Figure 5 ). This was also true after adjusting for group differences in energy balance (day 14).
After 14 d on the ad libitum diets, fasting as well as total postprandial A concentrations were signi®cantly higher on the sucrose diet compared with the starch and the fat diet (P`0.05) (Figure 6 ). The d-AUC's were higher on the sucrose diet (P`0.05) and tended to be likewise after the starch diet (P 0.055) compared with the fat diet. There were no differences between the groups in d-AUC's, even after adjusting for differences between groups in energy balance (day 14) (Figure 6 ). 
Spontaneous physical activity (SPA)
On the standard diet, PO had signi®cantly lower 24 h SPA values than C before all three diets (6.1 AE 0.2% vs 7.6 AE 0.3%) (P`0.05). After 14 d on the diets, signi®cantly lower values were still observed in PO (P`0.05) and there were no differences between the diets (Table 4) .
Heart rate and blood pressure
Heart rate in the chamber on day 0 was not different between diets or groups (average for PO: 70.6 b/min and C: 69.3 b/min). On day 14 a diet*group interaction was found (P`0.05) due to an increase on the sucrose diet in the PO subjects compared with the C subjects (Table 4) . When the PO subject who had a slight fever was removed from the analyses, this diet*group interaction disappeared, however.
No signi®cant differences in fasting diastolic or systolic blood pressure were observed in the morning after the standard diet (day 1) or after the ad libitum diets (day 15) ( Table 4 ).
Appetite and palatability ratings
Comparison of mean appetite ratings (from 09.00± 23.00 h) on day 14 showed that the subjects felt less desire to eat (prospective consumption) and greater fullness on the sucrose diet compared with the fat diet (P`0.05) ( Table 5 ). Furthermore, the subjects felt more satis®ed on the sucrose diet compared with both the fat and starch diet (P`0.05) ( Table 5 ). On all three diets PO felt less hungry, more satis®ed and less desire to eat that C (P`0.05) ( Table 5 ). When dividing each of the four appetite scores by the amount of kJ consumed over the day, the results changed slightly (Table 5 ). The subjects felt less hungry and less desire to eat on the sucrose diet compared with the other two diets (P`0.05) ( Table  5 ), but satiety and fullness were now signi®cantly higher on the starch diet compared with the other two diets (P`0.05) ( Table 5 ). An overall group difference was still observed.
Average subjective ratings of breakfast, lunch and dinner showed that the subjects estimated overall palatability to be the best on the sucrose diet compared with the other two diets (P`0.05) ( Table 6 ). There were no other signi®cant diet differences. Between the groups, PO found overall palatability and taste of the diets better than C (P`0.05) ( Table  6 ).
Discussion
Ad libitum 14 d EI
The present study showed that a diet composed according to the Nordic nutrition recommendations (`30 E% fat, 55±60 E% carbohydrate, b 3 g/MJ/d dietary ®ber) resulted in a signi®cantly lower energy intake and a small but signi®cant reduction in body weight and fat mass after 14 d ad libitum intake in both PO and normal subjects than a sucrose-rich or fat-rich diet. These ®ndings are therefore in accordance with previous studies of similar or longer duration in normal-weight and overweight subjects showing a spontaneous reduction in EI and a weight loss on an ad libitum starch-rich, ®ber-rich diet.
24±26 Figure 6 Mean plasma concentrations in: A, post-obese (PO) and B, 10 controls (C) after 14 d ad libitum intake of a fat-rich, a starch-rich and a sucrose-rich diet. Brkf. Breakfast. Signi®cant by ANOVA, P`0.05: time*group, diet (sucrose b fat starch) and time. C, mean ( AE s.e.m.) areas under the curves above fasting levels (d-AUC). Signi®cant by ANOVA, P`0.05: Diet effect. Different letter: difference between diets, P`0.05.
Ad libitum sucrose intake
A Raben et al
Substituting a large part of the starch with sucrose (approximately 20 E%) did not result in a similar decrease in EI or body weight. On the other hand, neither body weight nor fat mass increased on this or on the fat diet. Thus 14 d energy balance was apparently maintained on these two diets, while the subjects were not able to maintain EI at a level corresponding to EE on the starch diet. The reason for the reduction in EI on the starch-and ®ber-rich diets must be either an increased satiating power or reduced palatability compared with the sucrose and fat diets. In comparison with a fat-rich Data are means AE s.e.m. PO: Post-obese (n 9). C: Controls (n 11). d 6 g diet 6 group interaction. Morning fasting, day 15. * PO vs C, P`0.05. .00 h 840 min) using 10 cm visual analogue scales in a respiration chamber. Ad libitum meals were served at 09.00 h, 13.00 h and 18.00 h. PO: Post-obese (n 9). C: Controls (n 11). d 6 g diet 6 group interaction. Results in the same row with different superscript are signi®cantly different (per diet, n 20) (P`0.05). *PO vs C, P`0.05. diet, a carbohydrate-rich diet may induce greater satiety due to its larger carbohydrate content. 13, 27, 28 However, since the amount of energy from carbohydrate was similar on the sucrose and starch diets the reason for the different EI between these two diets must be looked for in the type of carbohydrate and/or the different food items used on the diets. It is likely that the higher dietary ®ber intake on the starch diet (approximately 30 g/d) induced a greater satiation compared with the sucrose diet (approximately 20 g/ d). 29, 30 This was found to be the case when comparing satiety and fullness per kJ consumed on the two diets ( Table 5) . Although the energy density of the starch diet (6.5 kJ/d) was quite similar to the energy density on the sucrose diet (6.8 kJ/d), the weight consumed was lower on the starch diet compared with the sucrose diet. The volume of the starch diet (not indicated by the energy density values) may, however, have been larger, giving rise to greater stomach ®lling and satiety and therefore lower EI compared with the other two diets.
Another major reason for the higher energy intake on the sucrose diet may be the quite large amounts of sucrose-containing drinks (fruit syrup and soft drinks) on this diet. Since¯uids in general have been shown to be less ef®cient in increasing satiety and suppressing food intake compared with solid foods, 31, 32 this may also explain the difference in EI between the two carbohydrate-rich diets. Still, as mentioned above, overeating did not take place on the sucrose diet ± a ®nding similar to a previous study in humans. 33 In contrast to these studies in humans, overeating has been observed in rats on a sucrose-rich diet. 34 The subjects liked the sucrose diet better than the starch diet, in spite of the sucrose diet being much higher in sucrose content (23 E%) than the subjects' habitual diet (8.4±10.4 E%) and the Danish population average (10 E%). 6 Increased palatability and thereby stimulation of appetite can therefore also explain why EI was higher on the sucrose diet compared with the starch diet. 35 Still, it cannot explain why EI was also high on the fat diet. From short-term studies in humans we might have expected EI to be lower on the sucrose diet compared with the fat diet. 36 That this was not the case may be due to the fact that the subjects in the present study did not overeat on the fat diet. Thus, it has previously been shown that EI and body weight increases on a fat-rich diet (45±60 E% fat) when consumed ad libitum for 7±14 d. 37, 38 A difference in energy density of the diets used in the different studies cannot explain these discrepancies. In the study by Lissner et al 37 energy density in the high-fat diet (45±50 E%) was 8.0 kJ/g vs 6.7 kJ/g in the medium-fat (30±35 E%) diet and in the study by Stubbs et al, 38 energy density amounted to 7.0 kJ/g on a 60 E% fat, 5.6 kJ/g on a 40 E% fat and 4.8 kJ/g on a 20 E% fat diet. These differences in energy density are therefore very similar to the differences in energy densities in the present study. It is possible that the palatability of the fat diet used here was poorer compared with the diets used in other studies. A more plausible explanation is, however, that our subjects were more diet-concerned and/or better at detecting fat in the diet. This would result in a reduced tendency to overconsume on the fat diet.
Compared with C, PO consumed approximately 1.6 MJ/d more on the sucrose diet and approximately 0.9 MJ/d more on the fat diet. A plausible explanation for this is that PO subjects are more prone to overeat on energy-dense diets than C subjects. This may contribute to the PO's greater susceptibility to obesity.
The fact that the PO subjects reported greater satiety, fullness and less hunger and prospective consumption, compared with C on each of the three ad libitum diets in the chamber, cannot be explained by their increased energy intake only, since this was not the case on the starch diet. In general, however, we suspect that obesity-prone and diet-concerned subjects are less likely to report their true sensations (unconsciously or consciously) or actually have different appetite sensations than normal subjects. If the latter is the case it is apparently not macronutrientspeci®c, as judged from the results in the present study.
Compared with their recorded habitual diet the PO subjects consumed ca. 3 MJ/d more during the fat and sucrose diet (Tables 1 and 2 ). Since this occurred without a concomitant increase in body weight, an underreporting of almost 30% must have taken place during the PO's recording of habitual food intake. This should be considered in future studies of habitual diet in such study groups. In contrast to this, a minor overreporting was observed in the controls (400 kJ/d 4%) when comparing with their energy intake on the fat and sucrose diets where no weight changes occurred.
h EE
A signi®cantly increased 24 h EE was observed after 14 d on the sucrose diet compared with both the fat and starch diets (Figure 3 ). This was particularly so in PO. In contrast, the estimate of diet-induced thermogenesis in the chambers (6±10 pm) was not different between diets or groups. This may, however, be due to the dif®culties of picking up small meal-induced differences in EE in a respiration chamber because of the generally non-resting situation here compared with, for example, a ventilated hood system. Thus, when using the whole 24 h measurement period, the difference in 24 h energy expenditure expressed as a percentage of the difference in 24 h EI (compared with the starch diet), was twice as high (14.0%) on the sucrose diet as on the fat diet (6.7%) indicating less storage and larger dissipation of the extra energy consumed on the sucrose diet. Again this was much more pronounced in PO (18%) than in C (9%).
Several previous short-and long-term studies support the concept of energy expenditure being increased by a high intake of sucrose. Recently, Horton et al 39 demonstrated that only 75±85% of excess energy was stored when overfeeding subjects for 14 d with mainly mono-and disaccharides (50% of requirements) compared with 90±95% storage during fat supplementation. An extra stimulation of diet-induced thermogenesis after sucrose or fructose ingestion compared with glucose or starch has previously been reported. 40±42 The reason for this is most likely to be ongoing gluconeogenesis as well as higher costs of glycogen deposition after fructose ingestion (3.5±4.5 mol ATP/mol) than after glucose ingestion (2.5 mol ATP/mol). 40 Thus, obligatory thermogenesis is increased after fructose ingestion. Diet-induced thermogenesis after carbohydrate ingestion consists of both an obligatory and a facultative thermogenesis. The latter is probably due to an insulin-mediated stimulation of the sympathetic nervous system, although it is dif®cult to distinguish between this effect and a secondary effect of insulin mediated via the stimulation of intracellular glucose (or other substrate) metabolism. 40 Since fructose does not stimulate insulin secretion to any major extent, facultative thermogenesis after fructose ingestion would be expected to be negligible. However, thermogenesis after oral or intravenous fructose, has actually been found to be suppressed by 40% by b-adrenergic blockade (propranolol), 40 indicating that fructose also activates b-adrenoceptor-sensitive substrate cycles. 43 In the present study both postprandial NA and A concentrations were signi®cantly increased after the sucrose diet compared with the other two diets, even when taking the different energy intake on the day into account. Sympathetic nervous activity and most likely also EE, was therefore especially stimulated on this diet. Increased postprandial NA concentration and diet-induced thermogenesis have previously been found after intake of a sucrose-and fructose-rich meal compared with a starch-rich meal. 41 We therefore believe that the increased 24 h EE on the sucrose diet was due not only to an increased energy intake but also to an increased intake of carbohydrate, especially sucrose and fructose.
Not only 24 h EI and EE, but also 14 d ad libitum EI was higher (16%) in PO than in C on the sucrose diet. Despite this, the PO group did not gain weight on the sucrose diet. This must therefore relate to increased free-living EE (diet-induced thermogenesis and/or physical activity) in the PO group or to this group being especially sensitive to changes in dietary carbohydrate. The latter would be in line with previous studies of PO subjects. 18 , 44 
h macronutrient balance
On day 14 in the respiration chambers, carbohydrate oxidation was higher and fat oxidation lower on the sucrose diet leading to a positive fat balance compared with the starch diet. A similarly positive fat balance was observed on the fat diet, although energy intake (on day 14) was about 1 MJ/d lower than on the sucrose diet. On neither diet, however, did the positive fat balance observed on day 14 lead to fat storage over the 14 d period. Energy balance was on average 1.6 MJ on the fat diet and 2.4 MJ/d on the sucrose diet (P`0.05), thus more positive on the sucrose diet (by 0.8 MJ/d). It is strange then, that the subjects did not gain weight on this diet as 0.8 MJ/d * 14 d 11,200 kJ would correspond to 300 g fat mass stored. No increase in fat mass was observed on the sucrose diet ( 70.05 kg, ns). The most likely reason for the positive fat and energy balance in the chamber is therefore the restriction of physical activity here compared with the free-living situation. In support of this is a recent study of young men showing that EE in real life (measured by doubly-labelled water) was 2.7 MJ/d higher compared with in a respiration chamber. 45 This value corresponds to the positive 24 h energy balance found on the sucrose and fat diets after 14 d, taking the gender difference into account. We are aware, however, that by doing the above calculations we may be working beyond the limits of detection of the bioimpedance methods.
Surprisingly, no differences in 24 h macronutrient oxidation rates or balances were found between the PO and C subjects after 14 d on either of the three diets. From previous studies such a difference would, however, have been expected, especially on the fatrich diet. 44, 46, 47 In these studies, however, the measurements were performed after 0±3 d controlled diet, while the present measurements were performed after 14 d on the diets. Thus it may be that the substrate oxidation capacity of the subjects in the present study had adapted to the different macronutrient composition after 14 d exposure to the diets, resulting in no detectable group differences.
Conclusion
In conclusion, a reduction in energy intake, body weight and fat mass was observed when normalweight subjects with or without a history of obesity consumed a starch-and ®ber-rich diet ad libitum for 14 d. In contrast to this, no signi®cant changes in either of these parameters were observed on the sucrose-rich diet, however, 24 h EE and sympathoadrenal activity was increased, with no untoward effects on blood pressure, compared with the starchrich and fat-rich diet. This can probably be explained by both the increased amount of energy and the increased amount of carbohydrate, especially fructose (alone and from sucrose) consumed on the sucrose diet. Studies of longer duration, including both normal, obesity-prone and obese subjects are, however, still needed to evaluate the long-term health consequences of a high sucrose content in the diet. Risotto with tender loin, vegetables and milk.
